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SYENITE FORMATION AFTER TTG GNEISS: 

EVIDENCE FROM THE MADIAPALA MASSIF 

(LIMPOPO COMPLEX, SOUTH AFRICA) AND 

EXPERIMENT



Age 2.5 - 2.7 Ga

Size 300x700 km

Located at the borders of South Africa, Zimbabwe and Botswana.

Formed at the borders of two cratons: Kaapvaalin the south and 
Zimbabwe in the north.

3 tectonic zones: Southern Marginal Zone (SMZ) , Central Zone (CZ) 
and Northern Marginal Zone (NMZ).

Limpopo complex
Metamorphic evolution of CZ:

(1) 3.1-3.2 Ga - the Mesoarchaeanevent (D1/M1) -
the intrusion of granitoids, which later becamethe
gneissesof the Sand River, basic and ultrabasic
magmasof the Messinalayeredcomplex.

(2) 2.66-2.61 Ga - the Neoarchean tectonic-
metamorphicevent (D2/M2) led to the formation of
isoclinic folds in the north-south-east direction,
numerous faults and shear-zones, the intrusion of
granitoids, which served as a protolith for the
Singelele gneisses; the collision of the Kaapvaal
cratonsandZimbabweis consideredto be the reason
of the D2/M2 event.

(3) 2.01-2.03 Ga - the Paleoproterozoic tectono-
thermal activity (D3/M 3), causedby the reactivation
of the shear-zones of the D2/M 2 event and is
marked by granite magmatism and powerful fluid
penetration alongthe numerousshear-zones.
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Madiapala massif

(Rigby, Armstrong, 2011)



Madiapala massif
Located in the western part of the CZ of the Limpopo complex

Is included into the AlldaysTTG 

The age of the Madiapalasyenitesis 2010.3 ҕ4.5 Ma (Rigby,
Armstrong,2011) correspondsto the D3 / M3 event

Model for formation: the syenitescould be a product of
the syenitization of the tonalite gneisses,similar to
granitization,but with the participationof alkalicaqueous-
carbonic-salt fluids (SafonovandAranovich, 2014; Safonov
et al., 2014).

(Rigbyet al, 2008)
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Aims
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ÅIdentification of the PT conditions
and fluid regime of the formation
of syenitesof the Madiapalamassif

ÅThermodynamicsubstantiation of
the processof their formation via
syenitization of tonalite gneisses
using the phaseequilibria method
(pseudosections)

ÅReproductionof these associations
in an experimenton an interaction
of TTG gneiss with the H2O-CO2-
(K,Na)Clfluids

ÅOptonOptical Polarizing Microscope at the Department 
of Petrology, Moscow State University
ÅJeolJSM-6480LVscanningelectronmicroscopewith the
Link INCAEnergy 350 energy dispersivemicroanalyzer
andOxfordINCAWave500wavemicroanalyzer
ÅDigital SEMTescanVEGA-II XMU with energy-dispersive
spectrometer(EDS)INCAEnergy450
Åand wave-dispersivespectrometer (WDS) Oxford INCA
Wave700
ÅXRF with an AxiosmAXsequential vacuum spectrometer 
(PANalytical)
ÅXSeriesIquadrupole mass spectrometer and ICAP-61
atomicemissionspectrometer
ÅXPlͦ RARamanspectrometer(HorbaScientific)
ÅCalculations were performed using the PERPLE_X
software package (Connolly, 2005), version 6.7.7 for
Windows, using standard thermodynamicproperties of
the end-membersand solid solutionsfrom the database
of Holland and Powell (Holland and Powell, 2011; file
hp11ver.dat )

Methods
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Primaryassemblageof syenitesKfs+Cpx+SphҕAp Clinopyroxene



Ǔ K-feldspar contains perthite lamellae

Ǔ K2O in analyzesof the area wt. %
13.87-15.51

Primaryasseemblageof syenitesKfs+Cpx+SphҕAp Feldspar



Primaryassemblageof syenitesKfs+Cpx+SphҕAp Sph+Ap

Sph

Sph
Ap

Fcontent is 0.83-1.08 wt. % 
Al2O3 content is up to 3 wt.%Sph

F content is 3.6-5.3 wt. %
Cl content is up to0.2 wt. %Ap



High concentrationsof halogensin
amphibolesareobserved

(up to 2 wt.%Fand0.5 wt.%Cl)

According to the petrographic and
chemical features, two types of
amphibolesare distinguishedin the
syenites. According to the
classification (Leake et al., 1997),
early amphibole (Amp1) is edenite-
pargasite solid solution with a low
content of the tremolite component.
Amphibole (Amp2), replacingAmp1,
is tremolite-actinolite solidsolution
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Lateassemblageof syenitesAmp+Ab Ab

Group2 XAn= Ca/(Ca+Na+K) up to 0.4


